ABSTRACT -(Morphometric analysis of the Brasiliorchis picta complex (Orchidaceae)). One of the largest genera of Orchidaceae in the Neotropics with about 450 species, Maxillaria presents several taxonomic uncertainties about its generic circumscription and the delimitation of species groups, mainly due to the large variability of some species. The present study aims at verifying the morphological variation and species delimitation in the Brasiliorchis picta complex, a recent new genus derived from Maxillaria, using morphometric multivariate analysis. A total of 340 specimens belonging to six species (B. chrysantha (Barb. were analyzed using multivariate methods (PCA, CVA, DA, and Cluster Analysis with UPGMA). B. gracilis shows the largest morphological discontinuity, mainly due to its smaller size. The other species tend to form distinct groups, but intermediate characteristics between pairs of species induce overlaps among the individuals of different species and thus confuse the distinction of each one. Hybridization and geographic distribution can be involved in the differentiation of the species and lineages in this complex. Because the species classified a priori in this work cannot be recognized by the quantitative characters measured here, such other tools as geometric morphometry and molecular data should be employed in future works to clarify species relationships in this complex.
Introduction
Maxillaria Ruiz & Pavón s.l. belongs to the subfamily Epidendroideae, tribe Maxillarieae, subtribe Maxillariinae (Dressler 1993) . It is the largest genus of this subtribe, with about 450 species (Atwood & Mora-de-Retana 1999) distributed only in the Neotropics. According to Pabst & Dungs (1977) , 94 species of the genus occur in Brazil. Because of the large morphological diversity of this genus, its delimitation has become a controversial issue: Cogniaux (1904 Cogniaux ( -1906 , Hoehne (1953) and Butzin & Senghas (1996) consider Camaridium Lindl., Marsupiaria Hoehne, Ornithidium Salisb., and Pseudomaxillaria Hoehne as valid genera, segregated from Maxillaria mainly due to the structural variation of their vegetative characters. Conversely, Dunsterville & Garay (1961) , Pabst & Dungs (1977) and Atwood & Mora-de-Retana (1999) place these genera within Maxillaria, possibly because they consider that the large variability of their vegetative structures is due to the wide geographic distribution of the group, which can be found from Florida to Argentina, as epiphytes or rupicolous (Holtzmeier et al. 1998 ).
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Anatomical data revealed that Maxillaria is polyphyletic if Mormolyca Fenzl. is considered (Holtzmeier et al. 1998) . Dathe & Dietrich (2006) and Whitten et al. (2007) , whose sampling included different species of Maxillaria and such closely related genera as Camaridium Lindl., Ornithidium Saliob. ex R. Br., Trigonidium Lindl., Chrysocycnis Linden & Rchb.f., Cryptocentrum Benth., and Mormolyca, obtained a phylogeny based on molecular data and their results point out that Maxillaria is paraphyletic if these genera are maintained. Those studies supports a Maxillaria genus with a more restricted delimitation, and the recognition of some allied genera, many of them recently created based on phylogenetic results, such as Brasiliorchis R. Singer, S. Koehler & Carnevali , Christensonella Szlach., Mytnik, Górniak & Smiszek (Szlachetko et al. 2006) and Sauvetrea Szlach. (Szlachetko & Smiszek 2007) . Taxonomic problems are common in the delimitation of species in Maxillaria s.l., as shown in the works by Illg (1977) on the section Heterotaxis, Onishi (1974) on the Maxillaria madida complex and Carnevali et al. (2001) on the Maxillaria rufescens complex.
The species of Maxillaria were divided in to 11 groups in the taxonomic treatment of Butzin & Senghas (1996) . Group XI, which encompasses species with pseudobulbs in "cushion" form, joined by a short rhizome, was subdivided into three subgroups. One of these subgroups, the so called Maxillaria picta complex, in which most species have bifoliate pseudobulbs and occur exclusively in Brazil, is known by its extensive morphological variation, which entails several problems to delimit its species. Anatomical (Holtzmeier et al. 1998) and molecular (Dathe & Dietrich 2006 , Whitten et al. 2007 ) data show a monophyletic group which includes the species of this complex, and occurs only in Brazilian atlantic and seasonal deciduous forests. This group was recently transferred for the genus Brasiliorchis , and here we adopt this criterion.
Many specific names are associated to this complex and it is not possible to delimit the species objectively, because of the high morphological variation (Hoehne 1953 , Pabst & Dungs 1977 . In this group, flowers have many colour patterns, even in a single population, mainly among the species with spotted sepals and petals, such as B. picta (Hook.) R. Singer, S. Koehler & Carnevali and B. ubatubana (Hoehne) R. Singer, S. Koehler & Carnevali, which can exhibit several pigmentation degrees (Hoehne 1953) . Flower morphology is also variable in size and form, making species identification quite difficult.
Although Hoehne (1953) considered 15 species and 19 varieties in the Brasiliorchis picta complex, he admits that mistakes may exist in species delimitation because of the large variations and that a large amount of collections needs to be investigated. Most varieties described by Hoehne (1952 Hoehne ( , 1953 illustrate specimens that present continuous morphological characteristics with no striking discontinuities. Pabst & Dungs (1977) have accepted most of the classification proposed by Hoehne (1953) , but, based on vegetative characteristics, they split these species in three "alliances": "picta alliance", "marginata alliance" and "gracilis alliance". Butzin & Senghas (1956) join together the "picta" and "gracilis" alliances of Pabst & Dungs (1977) and keep the "marginata" alliance as a different group.
This study aims at describing the morphological variation present in the B. picta complex using quantitative characters and multivariate analysis methods to identify patterns of variation, determining the characters related to these patterns, and explaining the species relationships within this complex.
Material and methods
A total of 340 living plants from 30 Brazilian localities were studied (table 1). The specimens were grown for at least 20 years at the "Instituto de Botânica" at São Paulo (Brazil), so that the influence of habitat conditions was minimized.
Because species recognition is complex, a broad delimitation was adopted, and the specimens were previously identified based on qualitative characters observed in living plants (table 2) . The names used herein have been commonly employed in the taxonomic literature on this group (Hoehne 1953 , Pabst & Dungs 1977 , Butzin & Senghas 1996 and have nomenclatural priority over recent names avoided here. The specimens were split in six species (table 2). Line drawings of dissected flowers from representative specimens of these six species were made to show the morphological variation among and within species (figure 1). Because Brasiliorchis consanguinea ( Singer, S. Koehler & Carnevali are rare species whose morphological characters differ considerably from those of the individuals measured in this work and since no living material was available, they were not included.
Twenty continuous morphological characters were measured (table 3), four of which are vegetative and 16 floral (figure 1). All measurements of any of the considered character were taken at the point of maximum dimension. Three flowers for each specimen are measured, and the mean value among them was considered in the analysis. The descriptive analysis of the data was performed with SYSTAT 10.0 (Wilkinson 2000) software and presented graphically as box plots. Multivariate analysis methods were carried out with the programs SYSTAT 10 and Fitopac 1.6 (Shepherd 2006) softwares. Two types of ordination analysis and one cluster method were used to avoid possible distortions produced by a specific method (Everitt 1978) : principal component analysis (PCA) on a correlation matrix was used as an objective method to summarize variation when a priori knowledge of population to which individuals belonged was not considered; canonical variate analysis (CVA) was used to ordinate population means considering variance and covariance among characters within and among populations; and a cluster analysis was performed using the unweighted pair group method with arithmetic average (UPGMA), on an Euclidean distance matrix, to verify morphological discontinuities among species. Twenty plants of each species were randomly chosen from the total sample and analysed with the UPGMA method to improve the graphical representation of the dendrogram. In PCA, the number of Table 3 . Morphological characters used in morphometric analyses of B. picta complex and results of principal component analysis (PC1, PC2 and PC3), canonical variate analysis (CN1, CN2 and CN3) and discriminant analysis (F-to-remove). PC1-PC2: correlations between the original variables with principal components one and two, respectively; CN1-CN2: correlations between the original variables and canonical discriminant axes one and two, respectively; F-to-remove: relative importance of the variables used in the model to discriminate groups in DA (see 
B. B. chrysantha (F. Pinheiro 288). C. B. ubatubana (F. Pinheiro 385). D. B. marginata (F. Pinheiro 9261). E. B. marginata (F. Pinheiro 10438). F. B. porphyrostele (F. Pinheiro 328). G. B. picta (F. Pinheiro 320). H. B. picta (F. Pinheiro 341). I. B. gracilis (H.D. Bicalho s.n. SP373874). Details of measurements can be seen in A.
axes to interpret was determined by comparing eigenvalues to the random expectation in a broken-stick distribution (Frontier 1976) . The six species were the grouping variables in CVA. Discriminant analysis (DA) was performed with the same grouping variables used in CVA. Wilks' Lambda, jackknife classification, which assigns unclassified specimens to groups, and F-to remove statistics, which give an indication of the relative importance of each variable, are also reported.
Results
The results of the descriptive analysis show that most characters overlap among the species (figure 2). In PCA, the first three axes explain about 74% of the total variation (figure 3). The species show only a tendency to differentiation in the analysis, since individuals of different species are spread in many parts of the scatter plot, making the delimitation of patterns difficult. On the first axis, that explain 55.14% of the total variation, individuals of B. gracilis, B. porphyrostele -8 -7,5 -7 -6,5 -6 -5,5 -5 -4,5 -4 -3,5 -3 -2 ,5 -2 -1,5 -1 -0,5 0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 5,5 6 6,5 7 7,5 -8, 2 -7,8 -7,4 -7 -6,6 -6,2 -5,8 -5,4 -5 -4,6 -4,2 -3,8 -3,4 -3 -2,6 -2,2 -1,8 -1,4 -1 -0,6 - The patterns observed in the UPGMA dendrogram based on Euclidean distance (data not show) agree with the results of PCA (figure 3) and CVA (figure 4). Specimens of B. gracilis grouped together and their cluster are the farthest in relation to the other groups. The remaining species (B. chrysantha, B. marginata, B. picta, B. porphyrostele, and B. ubatubana) have individuals in many regions of the dendrogram, but tendencies to group together can be seen for all species, as most individuals of each species clustered together. The cophenetic correlation was 0.72. diversification of species complexes, as already evidenced for Dactylorhiza (Pillon et al. 2006) , Ophrys (Soliva & Widmer 2003) , Orchis (Cozzolino et al. 2006) , and Acianhera (Borba et al. 2002) . In these groups, the analysis of a large amount of individuals per population was fundamental to understand the diversification mechanisms of species and lineages, a trend that should be adopted in future works on the B. picta complex.
